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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT .

.for thé
Armj Alr Forcea, Materisl Command
MEASUREMENTS OF THE FLYING QUALITIES OF
A HAWKER HURRICANE ATHPLANE

By J. M. Nissen and W. H, Phlilinns

INTROTUCTION

At the request of the Army Alr Corps *the flying qualitles of a
Hawker Hurricane alrnisne wors investigeated. The tests were conducted
at Langley Field, Va., during the period from November 25, 1ghl, to
December 28, 1941, Thirteen flights end approximetely *7 hours of
flying time were required to ¢omplete the tests, which Included exten—
slve measurements of stabllity, controllabiiity, ‘and stalling
characteristics, . ' g

These tests of the Tlying qualitles of tine Hewker Hurricene wevs,
in general, similar to tests of other pursult azirplanes previously
made by the National Advisory Committee for Adronautics.

DESCRIFTION OF THE FAWKIR HUBRICANE ATRPTANE

The Hewker Hurricenes 1is a single~plecs, single-englne, low-wing,
cantilever monoplans with retraciable landing gesr snd psriial—spen
gplit flaps (figs. 1, 2, 3, and 4). The genernl spocifications of the
alrplane are as follows:

Neme and type . « . « v.0 & & v.vve o o . o . . Hawker Hurricane II
C ' (A1r Miaistry No. 72063)
Engins | . 0 ¢ v v v e e e e e e e e e e Rolls—Poyce Merlin XX
Ratings: T ‘ o ‘
Take~off v . v ¢ 4 o v o 0 e .+« . . . 1300 ho at 3000 rom
Normal e s e e e e e 125v hp at 2850 rpm at 10,000 ft
low blower . . . . . . . 1270 hp at 30CO rpm at 12 250 ft
Maximum ¢ o ' - S o '
high blower . . . . . . 1185 hp at 3000 rpm at 21,000 ft
Gear ratio . . . . . v e e e e . e . . 04771
Propeller . . . v . . . . T Rotol constant speed (wood biades)
Diameter - . . . . . . . e e e e e e e ll ft 4 in.
Number of Dlades . & o v v v v o v o o ¢ ¢ e b e e e e o 3

e s e o
-

Angle of thrust exis from dabum . . . + « « o « & » o o « « . _ %
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Fuel capacity o+ o ¢ o ¢+ & « v o o
011 capacity . . . « . ¢« « ¢« o ..

Supercharger (2--spsed) goar ratios.

Welght (empty). o v ¢« v ¢« v v « &+ &
Normel gross weight s recelved . .
Weight as flown for tests . . . .
Wing loading (normal gross weith)
Power loading (normal groes welght)
Over—all height (datum line level),.
Over-all length . ., . . . . . .« . .
Wing:
SPAI. v v 4 ¢ ¢ 0 0 e e e s e e
Area. . . e b e v e e e
Airfoil section'
Root, « o v v v v v v v v v
TID v o o o v o o o o 4 ¢ o o »
Aspect ratiec . . . . . ..
MAAC, & i v 6 s e e e e e e e
Location of M.A,C, (apnrox.). .

Teper ratio ., . . e

Dihedral (outer p8n07s) . .o
Incidence with T“usoi.'—’ge dauum . e
Sweepback (L. E.) . . o e

Wing flaps (aplit T E. tjne)
Total area. . . + . + ¢ « « « &
Flap (semispan) « o« v v & « & . .
Travel . & v ¢ v 4 v ¢ o o« o o
Allerons:
Length {each) . e e e
Area (total alea, Loh) c h e e

Balance ares (each) e e e e e

Travel:
Right L] . L] L] . . * . . L] L] . .

Ieft . . .. o e 0. .'.

Stabilizer (fixnd)
Maximum chord . . . . . .

Area (including 2.5 eq ft fuselage)

Incidence to datum line .
Elevator:

Span. . . . t e e h e e s s e

Maximum chord e e e e v e e e

Arca (behind h*nge line but including

horn balance) . e e e e e e
Travel., . . e e e
Trim tad area (total) .

Balance area (hom b4lance"). . e

.

.

Clark

. . . G4 Imperial gal
. .+ 7% Imperinl gel

2

. . a . e

.

.

(8 15 to 1

Lﬁ 45 to 1

vuof 1b
. 585Lh 1b
. T01ih 1o

26.6 1b/sq Tt
. 5.45 1% /hp

12 £t 2 in,
31 £t £ in.

. . h'o ft
257.6 8q ft

TH 175 mercent modified
Llark YH 12.2 percent

»

.

. . . 6,22
. 84.3 1n,

.2 in. behind L.E. wing

. o 2.03:1
+3.5°
2. OO i;‘o

/ Ilu

25.11 gq ft

. 9 ft € in.

. 0% down

7 vt 8% 1n.

. 10.2 §q Tt
)

[R)

.G2 gq Tt

. down 21,5%, up 20.6°
. doun 19,2°, up 22.40

. . e . L3

5 £t 8 in.

-2
. 24,1 8q fg

1

pa

11 £t Q in.
10t 1 in.

l%.O 8q Tt
+n60

0.76 sq ft
0)6 "qlt



Verticﬁl fin:

Area. s 8 & & e & e s s 8 a
Offset. ¢ 8 8 3 e & » 8 o =

Rudder:

Distance from slevator hinge to

Distance from ruddsr hinge ljne to

Vertical span . . . . . . .

Maximum chord behind hinge line .

Total area . . . . .

Balance area (horn balances)
Travel. o &« « & ¢ ¢« + s &
Balance tab area. . . .

Balance tad linkags ratio .
leading edge of wingz. . .

leading edge of wing., . . .

Maximum fuselage cross—ssctlonal srea

(excluding radistor) approriartely.

The rélatinn between the control-stick
of the controls is shown on t'igures 5 end 6.

.‘8.83 8q £t
1%9left

. « o s o . . . .

qoft 5&-1n.

e s e . 2 ft 3 in,
13.06 sq ft
0.721 gq ft
e e e e e . 1290
O 36 aq ft
1:1

. . . . . . . .

position and the' angles.

INSTRUMENT INSTALLATION

Itenms measured

Time

Alrepeed

Poritions of the three control

gurfaces
Rolling velocity

Normal,
lateral accoleration

Angle of sideslip
Angle of bank or »nitch

Ruddor forcs

Alloron and elevator force

longitudinal, and

 NACA instruments
timer
ailrspeed recorder

cantrol-positicn recordsr

angular-veloclty recorder

three-<omponsnt
accelerometer

rocording yow vane
recording inclinometer
rudder-force recorder

indiceting force cage
on top of stick



The airspecd recorder was connected tn a gwiveling pitot-static
head which was frec to rotate In pitch dbut not in yow, located on a
boom extonding a chord length ahead of the right wing tip., Tho vew
vane was Located at the ond of a similar boom on the loft wing tip.

All the recording instruments were synchronized by the timer and the
records were obteined photomraevhically. Becouge of the unusual control
_ stick in the Hurricane, control forces could not bte meagured by the
NACA control-force recorder, Instead, the spade grip on the stick

was replaced hy a stralght tube, and n visunl cuntrol-force indicator
which rested against thig tube wag used by the pilot.

The instrument rocording the angles of the thrce control surfaces
was attached to the control linkanes near the cockpit., Tests made on
the ground showed that errors 1n the recorded angles caused by stretch
in the control system were small enoush to be nezligible.

AIRSFEED CALIBRATION

The resdings of the pilot's metcr compared with the correct
indicated airspced with Tlape up or down are p!ctied in fimure 7.
The correct speed wes determined by flying in ioristion with the
Breweter XSBA-1l airplans. The calibretion of the =irspecd roenrder
in the latter ailrplanc was made by the use of = frrlring airspced head.
Tho installation of the airapeed indicator in tlie Hurricane conslsted
of o pitot—static tube located bolow the le®t wins, slishtly ahead of
the aileron hinge. This instellstion gave am:’i ~rrors, eapcclally
at low speeds.

TESTS, RESULTS, AND DISCUSSION OF RESULTS

All the flying qualitice tests wers made with the center of
gravity at a distance of 8,05 fnches behind tie leadinz clve of the
wing. The mean aercdynamic choid was found fr.m seasurements taken
on tho airplsne to be 84,3 inches in length, located ©.2 inches
behind the leading edre of the wing center zection, Il these valuss
are used, the centor of gravity is found to bs st 27.1 percent of the
mean aerodynamic chord. Becaugse no accurste drawings of the Hurricane
were avallsble, the values calculated for the mean asrodynamlc chord
mey bz somewhat in crror,

The center of gravity of the airnlane with full military load,
befors the addition of NACA instruments, was found to be at 27.8 inches
behind the leading sdge of the wing, or 26,8 percont of the mean
aerodynamic chord. Though no figures arc available as to the allowable
conter—of—gravity locntions, this value 1s belioved to rcpresent closely



the condition in which the airplans 1s normally flown. The welight of
the airplane in this case was %054 pounds. After the addition of NACA
instruments and bellest necessary to retaln approximately the zame
center of gravity for the tesis, the wclght waes increased Lo 7014 pounds.

LONGITUDINAL STABILITY AND CONTROL

Characteristics of uncontrolled long;ﬁudjnal _motion,— Of the two
types of control-free longitudinal oscillation, only the short-period
oacillatlon was investlgated wlth the Hurrican> as provious regearch
work has shown thet tho well-known long-period (phugoid) oscillation
hag little or no correletion with the ebility of pilots to fly an air-

plane efficiently.

The degree of damping of the short-period oscillation was detor—
mined by deflecting the slevator and quickly releasing it at high spoed,
In all cases the subsequent variation of normel acceleration and olevator
angle had completely disappeared after one cycle, thereby satisf ying the
requirement for this condition supgested In refsrance 1.

Characteriatics of elevator control in steady fllecht.- Tue charac—
teristice of the clevator control of the Hawker Hurricane eirpione in
gsteady flight were measured by recording tho elsvator positicvns and
forces rcquired for trim at verious airspeeds, These measurements were
made in the following conditiona of flight:

Flight Manifeld |Engline Flau ! Landing— Radiator-- | Hood
condition| pregsure |specd | posi- gear ghuttor | position
(in, Hg) | (rpm) ; tion | position |position
1gliding - | throttle { ---- "j up S up cloged. cloged

‘ : cloged ' o ‘

climbing | 42 (6 1b/| 3000 up " up % open. closed .

- 1 8q 1n. o - ‘

"booat™) - : :

landing throttle - down down - cloged open
closed . :

wave—off | 38(4 1b/ { 2800 | down down open open

‘ gq in, L N ‘ '

"booat")

The results of these tests are presentod in Figures 8 and 9 and
may be summarized a8 f'ollows

1, In all of the conditions except the ¢limhing copdition, a
small degrea of stick-fixed static stebility existed, as shown by the



negetive olopcs of the zsurves of elevator angls ascinet eirspecd.

Only in the climbing counditlon (flap up, tower cn), in which longitudinal
instability existed betwsen 100 and 15C miles per hour, did tho airplane
fail to meet the reouiroument of reference 1.

The vurietion of elevator ansle with angle ol attack %%? in the
gliding condition was 0,16, 2 smaller value thrn iy usvnlly consldered
desirable. In spite of this swall dsgrsc o stetic stabillity In the
gliding condition, the airplans dilsplayed stick-fixed statlc stabllity
in the flep—down condition of filght with power on. The highest degrec
of static stability wns obtained in the landins conditlon (f1apa down,
power off}.

., The variation of stick *orce with airupecd wag very small In
all conditions of *lisht. In the gliding cundition, the variation of
gtick force with alrsvecd wns 3iishtly stable over moct of the speed
renge., In the olimbing condition, an unstable rscion existed betwoen
115 and 150 miles per hour. Stebility existed in the wave—off condition.
This fact is surprising becauvse, in the lending c-ndition (i'laps downm,
power off), the etick-rorce gradisnt becmme unstable nt low speeds. Tt
will be noted thst the alrplane fallsd to meet ths requirement for a
stable stick-force gradlont, stated in reforence 1L at low gpeeds in
the landing condition, and over part of the speed range in the climbing
condition.

3. Ths elevator-contrel forceg were too ewn'l in most cases, to
return the control to 1ts trim position, becruse o the larce smount
of friction in the slevetor—control sygtem. The iriction an measured
in flight amounted to X3 poundy, which means that a Torce of 4 pounds
was necessary to reverse the motion of the stick, Tho stick-free
stability of the Hurricanc 1s therefors in res’ib shlck-fixed stabllity
and dopends on the slopes of the curves of elevetur angle spaingt air—
speed. Becausc the stability indicated by those wnrves, egpecially with
flaps up, is very small, ths alrplane was difficult or fmpossible to
trim at most spocds. Because the Friction in the sratem masked the
elevator forces required for trim et a elven sweed, it was pcasible for
the pilots to obtain errcnsovs fmpreasions of ths derrev of longitudinal
stability that existed,

Lk, The elcvator angles reguired for trim weve well wlthin the
avallable ranpe in all conditions.

Characteristicg of the elevator comfrol in nceslcrated filght.-
The cheractoristics of the elevator rcontrol o fhe Hawkor Hurricane

alrplane in accelevatsd flight were detormined from measurements taken
in sbrupt pull-ups from straight £light and in renid 180° turns, Tiwe

histories of representative turns are presented in figures 10 to 15.



IATERAL STABILITY AND CONTRCL

Characteristics of uncontrolled Jateral and directional mc motion,~
Becauss of the lack of time avallablie for the tests, no measuremnents
of the uncontrolied lateral oscillation of the Hurricane were conducted,
No undegirable short-period oscillatlons of the rudder or alleron

controls were noted.

Aileron—control characterigtics.— The effectiveness of the allerons
of the Hawker Hurricane airplene was detormined by reccrdineg the rolling
velocity produced by abruptly deflecting the ailorons at veriocus speeds.
The alleron angles and stick forces werse measursd, he reslts cof these
tests are presented in figures 18, 19, 20, and 21. Figure 18 shows the
varlation of pb/ZV and aileron force with total alleron deflection in
the landing condition, end figure 19 shows these curves for level flight
with flaps end gesr up. The cuantity 1b/2V is the helix angle in
radians described by the wing tip in a roll, where p 1s the rollinz
velocity in radians ypor second, b is the wing epen in feet, and V
the velocity in feot per second., Total alleron sngle is the sum of the
deflectlions of the right and left allerons.

The ailercns weie unusvally light for small deflentlons, The force
increased linearly with d=flection to ebout *wo--thlrds mrxi=aum allsron
deflection, After this point it incressed much more rapidl;. The
offectivensss of the allerons algo varied linesariy with defiection up
to a certain point, but boyond about two-thirds maximum ajleron deflec—
tion it Increased much less rapidly. Thils increase of stick force &and
decrease in effectiveness at largs alleron deflectlons 1s belleved to
be caused by separation of the flow on the lower surface of the upward
deflected alleron at largs do lsections. Thilg separation destroys the
balancing effect of the projecting Frise balance and also reduces the
rolling moment ziver by the ailsrom.

Figure 20 ghowa the aillaron deflection, stick force, end helix angle
obtained in a series of rollu at various speeds intended to represent
the maximum rolling velocity which could be readily attalned. The pilot,
while uwsing the control—force indicetor, could not exert more than about
45 pounds on the stick, With this force ful! deflaction could be obtained
only up to a speed of about 1LO miles per hour. The ranid increase of
gtick force near maximum deflection prevented full motion of the stick
at greater speeds.

Another method of presenting the results of the alleron roll
mecasurements is that given in figure 21.. which shows the variation of
aileron force with speed for different roiling velocitises., It is
Interesting to note that the force required to sttain a rolling velocity
of 0.5 or 0.8 radian per second decreased as the spesd wag increased
from 100 to 200 miles per hour. Tais vnusual conditicn reaults from the
rapid increase of stick force near maximum deflection. A very smull
force was sufficlent to attain a rolling volocity of 0.4 radian
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per second, evon at 300 miles per hour. For purposes of ordinary
flying, therefore, the pliots regarded the agleronn ag very light end

responsive. The very smill friction (i %-lb) in the aystem contributed

to this impression. In order to obtain a high rate of roll, howsver,
excessively high forces had to be applied to the s”ick, For example,
at 190 milos per hour, a force of 20 vounda to the leit produced a
rolling velocity of 1.2 radians per second or a pb/2V of 0.066,
whereas doubling this "orce increased the rolling velocity to only
1.10 radians per sscond or to a pb/2V of 0.071,

The ailerons falled to meet the requirement of referonce 1 which
gtates that a value o' »b/2V of 0,07 should be attained with a stick
force of 30 pounds at eight—tenths of the maximun Indlcated speed in
level flight or 215 miles per hour in thie case. Values of 0,061 for
pb/2V  in left rolls and 0.0%6 in wight rolle were cbtalned under these
conditions, The eilerons were considered by tic pliots to be inenf-
ficiently effective for maneuverse requiring hisl. rolling velocitlos,

Yaw due to sileronsg.,— The maximum gideslin angle, ceucsed by mll
deflection of the ailerons in level flight at 100 miles mer hour with
the rudder fixed, ww.s 12°, This speed is tie lowssi 2t which the teste

‘were conducted., Indinutions are, however, that the Hurricane nirpiane
would meet the requirsment of refsrence 1 which ot tes thel ths maximum
sideslip developed a2t 110 percent of minimvm eonved 23 a result of full
aileron deflection should no% exceed 207. The sideclip developed as a
"pesult of alleron deflection did nmot reduce the rolling velocity because
of the lack of aihsdral effect on thils ajrplene.

Rolling moment due to_sidoalip.— The rolline ncment due to sldeslip
wes measurcd by recording tie alleron aniles raguired in. steady gidealipse.
Those measurements vere m=2dc at various snesds in the climbing, gliding,
and landing ccnditions, The resulis of She sideslip measurenents are
presented in Tigurss 22-28 in which the ruvdder, elevator, and aileron
angleg, angle of bank, and ruddér turce are plotted as functions of the
sideslip angle, Thesy fimures may be somewhat in srror because the
exigtence of sngvularit: of the flow at the yaw vene may cause the
recorded sideslip anglc to differ slightiy frca the angle of the thrust
axis. The fact that the recorded value o the =mideslip was zero for
the trim ~ondition of zero bank with powsr oftf indicates that the error
was small in this case. In power-on flight, thc alrplane was kncwn to
s8ideslip to the left at zero bank, as is shown ~n the curves, The exact
value of sldeslin may,. however, be scomewhat in srror, The abgolute values
of rudder force may be in error by 110 vounde because of unknown changes
in the zero refsrence of the recorder. I all nnesg the glopes of the
curves of the rlotted gquantities are correct.

The rolling moment due to sideslip (dihedral offect) was meagured
by the amount of aileron movement required to 5i'fset the rolling
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tendencies of the airplane. The rosults show that in the climbing
condition (flaps up, geer up, full rower) an apprecinble amount of
right ailoron had to be applied in eldeslips to the left. This
condition indicated a negative dihedral effect and failed to satlsfy ‘
the requirements or reference l. The:dihedral effect vas also elightly
negative in sideslips to the right, In the gliding condition (#laps up,
gear up, power off) the dlhedral eiffect wes In the correct Airection
but it was very slight. In the landing condition (i'lops down, gear
down, powor off) the dihcdral offsct wes practically neutral at 85 miles
per hour but was slightly nerative at 1720 miles per houvr. Though no
measurements were mede of the eileron forces in sideelins, they were
obaerved to be in the unstable direction in tho conditlons where the
dihedral effect was negative,.

Further data concerning the dihedral oi"fect of this ailrplane were
obtained in measurements of abrmpt rudder kicks (tige, 29 and 30),
The roiling velocily resulting from ruddor *icks wag vractlcally zero
_in all conditions, though whon it d1d occur 1t wes in the correct
direction. Apparently the rolling mouent due Lo yawing velocity was
pufficlent to off'sct the nezatlve dthedral effect obtained in steady
sldeslips. The rolling veloclity was so alicht that in rudder Iicle to
the right the le2ding wing dropped because of the combination of yewing
and pitching downward which occurrod., Thus the pilot cbteined the
impreasion of instability in rudder klcks to the rigat even though the
eirnlane 4id not roil about its longltudinal axls,

~ Rudder—control characteristics.— The rndder-control characteristicy
were investigeted in steady filsht, in sideslips. end in ebrupc rudder
kicks, In the rudder—kick mrnouvers, vecords were taken of rudder
position, rudder force, rolling velocity, pideslip anrle, snd normal
acceleration resulting from ebrupt deilesctiong of the rudder whils the
the other controls were held fixed. Figure 29 chows the regults of
rudder kicke in the landing condition at &1 and 122 miles ner hour, and
figure 30 shows the results for level flisht at G9, 121. and. 240 miles
per hour. ‘ co . : '

The maximum sldeslin obtained by abruptly deflecting the rudder
was only slightly greater than the unele reached in a steady sldeslip
with the seme rudder deflection. Slightly larper ancles of sldeslip
were obtained in the Tlap-up conditlons of flisht than in the flav-down
"conditions; this situation indicates that the dirvectlondl stability wes
sialler or the rudder effectivensss greaier with rleps un, Because the
maximum sideslip angles reached in ruddsr kicks weve larger thon thoss
attained in sllerea rolls at low agwesds, the rudder i3 believed to be
sufficiently powerful to overcome the adverse yawlng moment that occurred
in aileron rolls. o
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The rudder angles required from trim in strsizht flight were well
within the available rerge in =il cond’ticns, =5 i3 shown in figures 8
and 9, The limit of rudder travel (29”) wes most :losely approached

in the wave—off condition, in which a dofieciion of about 18° wss needed
at the stall. As will be discussed lster, the rvdder forces wers rather
heavy, Inasmuch as no trim tab was avaiiable on the rudder, cousiderable
effort was required for the pilot to hnld a larrse rudier deflection for
trim,

Ag is shown In flgure 17, the slight tendsncy to turr to the leflt
in a tall-high tske--of* was casglly cowntsracted by the rudder. In
taeil-low teke-—offs this yawing tendency did not cccur, and in any case
it was much smsller than hes been encountered on previously tested air-
planes of comperable desiagn,

The rudder control, in conjunction with the brakes, was adequate
to meintain directional control in lending, as g shown in a time
history of a three~point landing (fig., 12). As witl be mentioned in
conncction with the diucuseion of stalling charccterintics, no undesirsble
ground-looping tendencies were noted on this alrpicne.

The offectiveness of the rudder in recoverins from snins was not
investicated.

The rudder Torccs plotted in figurs 29 ond %0 were the initial
forces required to deflect the rudder, They aro scen to be heavy even
at low epeeds. Ags scon as the yewing velocitr nd sideullp angle had
built up, however, the rudder forces decreased to about one-~third of
the plotted values becauuwe of the flonting tendency of tho rudder, In
no cage, however, was & rovsrea: ol the rnddor force oxperienced. The
requirement of reference 1 corcerning rsversel of rudder forces was
therefore satisficd, A force preater than 180 pounds would be required
to deflect the rudder fully nveu at the mintmon gseed of the airplans.
Becaunge the meximum ruddor duflection wasz not recuired 1n mecting wny
of the rudder—control regquirements which were invasstiswted, these
requirements could all be fulfilled with 2 Torce oF luss than 180 pounds.

A force of 12 pounds was required to reverse thu motion of the
rudder pedal in order to overcome friction in tiie rudder system, BRecause
of the small variatlon of rudder force with sileglip angle, which will
be discussed further in the following section, this friction was suffi-
clent to hold the airplens at a fairly lar:e sngle of sideslip. This
tendency proved annoying to tho plicts.

: No measurements were made of the rudder Torcag required for trim
in high-gpe=d dives.
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Yawing moment dve to sidesllp.— As shown in figures 22 to 78,
right rudder wes elwsys reguired for right sldenlin and left ruader
for left sideslip., This ract indicetesn that tho afrplans, with rudder
fixed, was directionully stable in all conditione of {iight, Tho alone
of the curve of rudder unale against sidesslip wauy alightlir grester at
lerge angles of sideslip than a% emell cnes. Ih has heen proviouvsly
stated that the diroctional stebility was sufficiont to rest.ict the
yaw due to atlerons to the specified velue.

The curres of rudder Torce ngainst anele of sldeslip (figs. 22-28)
ghow tnat the dirvectionsl stability with rvdder froe wos small, vsveclally
at small angles of gidesllip. The slope of the curve never pecame unstable,
however. The small variaticn of rudder Porco with sideslip ancie I8
attributed to tho floating tondency of tie rndder equipped with a
balance tab, At large rudder decflectlons, the balance tab was less
' offective, causing a onpid rise in the rudder forces.

Crosg--wind force charectoristice.— The crogs-wind force character—
1gtice of the sliplane are showa by the angles of bunk requlred to hold
steady sideslips (flpa. 22-28). The angles of bank were smail at low
speeds, though no smallcr than those obtalned with other airplanes of
comparabls desigzn, Inagmuch as ihe side Torce iIrr e given unidssliv
varlee as the square of the apesd, the anglo of bank required for a
given sideslip likewics incroeces repldly with the epecd. A large side
force in sidoulips is desirable because the pillot finds 1t easler o
maintein unyawed flight if a largo snele of bank is required to sideslip.

The pilot found 1t difficult in ths Hwrricans to maintain unvewed flight
- at low speeds becuuse of the small sidu~force gredient and bocanse no
alleron deflection was required to sideslip,

Pitching moment due to sddeslip.— The pltching moment due to
gidoelip is shown by the veristion of olevator angle with ansle of
s8ideslin in the steady cideslip measuremeants (fies, 22-28) =n1 by the
veriation of normnl ecceloration with rvdder engle in the rudder kicks
(figs. 29 and 30).

"The airplene tonded to pitch down in both left end right gideslipa.
The pitching moment due to gideslip was sligutly largsr than the requiro—
mont of reference 1 which states that less tuen 1° of elevator movement
should Ye required to maintsin longitudinal triam when the rudder is
~deflectcd 3¢, At large anpgles of sidoslip, the Furric:ne digplayed an
unusually lerge negative pitching tendency. This tendency did not
become  apparent at sideslip augles less than sbout 20, It dves not
interfore, thersfors, with the ability to triin the guns on a target
by slightly deflecting the ruddsr., In sideslips of larve masnitudo,
guch as those made intontionallr to loge altitude, or those caused
inedvortently by tho yawing dmoment ‘e to rolling, the ritching
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tendency became very annoying to the pllots. /s can be seen-in flg~
ure 22, approximately 17.59 vp-elevator defieciion from the. trim
condition at zeroc sideslip was requircd with mexirum right rudder
deflection in the climbing condition st low speed, This sievator
deflection le much larger than the range o7 elevator ansles used Tor
trim throughcut the speed range in uanvawved f1i-h:, The piftching moment
due tn sidealip is believed to be caused partly by the decrease in
dovmwash on the horizontsl taii when it moves from behind the center
section of the wing in yawed flight, This exnlsnation appesrs lnedequutu
to account for 211 of tho observed pitching mowent. It is posecible thri
gsparation of the flow al tihe winz root on the downwind side of the
fuselage may blanket the low aspeust-ratio tril surfuce or may cven czuse
en upwash to act on this half of the tail, resvitins in the largoe neg—
ative piltching tendency.

Ae wes mentioned 1n comnection with thenrisi-wind force character—
istice, the pilot found 7t diflicult to maintalin vnyawed light at low
speeds. Becauso of the pltching uondencr in sideslins sn inconsistent
variation of angls of sideslip with speed would ve erpected to caucs-
scatter in the pcints for the curves of rudder ﬁnw7@, eievetor anelo,
and elevator forco sgeinst speed. In vicw of ithis Tuct, the consistency
of the pointe plotted in the ghatic—stability me- wurenents (rigs., 8 and 9)
1s coneldered satisfactory, The scattor which dces oxist may be exniained
on thic basis, :

The piltching down Whluh occurred in rudder kicks is shown by the
curves of normal accslerrtiern that ars nlotted in figures 29 ard 20, In
rudder kicks to the right, the cirplane 2lwaya pliched dcwn. The inten—
sity of the nemgative ccoelerstion for a glven sideslip was proportional
to the sveecd. Incsmuch as nesntive wccelercticns c-rsed the engine to
cut out, and dues to the violent nature of the pitching tendency, rudder
kicks giving a chenge 1n nepative sccoleration grocter then 1.5g were
not made. At 240 miles per hour, a rudder defieciion of only 4° to the
right was gufficient to caune a chane ' accsloeration of —lg,

In rudder kicks to tho left, the airplzne initially piltched up.
At large rudder defloctions, the airplane pitched down violently as eoo
a8 the sideslip angle had started to build up. For smail rudder deflec—
tions, however, the airplane continucd to pitch uo throughout the
mancuvcer, The initial pitching tendoncy o7 the sirpiane in rudder kicks

was attributed partly to the amyrogcopic movent o tuo ocopeller, wiaich
causes the airnlane to pitch down when it wwwe & Lo »ipht and up

when it yaws to the left. The final tondsney to siteh down in rudder

kicks to elther sids 1s caused by the piishins swwenb dus to sidesgllp which
was measurcd In steadry sldeelip teste, Tuls erfuct ig not very powerf

untll the sidoslin angle sxcesds hbozt 5%, The pitching motiony caused
by use of the ruddor ere, of course, vsry undecirsble.
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Power of rudder and siloron trimming devices.— No trim tabs were
provided on the i1udder or ei.erons enl, af mensioded previonsly, the
pilots consilder~d the rudder forcesg for uvrim rather hesvy., No mezsure—
ments of rudder forces rsquired for trim were mode., The ailerin Torces
required Tor trim wers lighb beceuse of the ilaut forces req¢ulred for
small aileron deflections. Tho slleron nngles regquired for trim arve
plottad in figures 3 and 9.

STALLING CEARACTERICTICS

The stalling charncteristics of the Hawker Hurrlcene airplene were
studied by recording the movementas of the cuntrols and the moticns of
the alrplane in the stall avi rosch, the stall, and in recovery. Stalls
were made in ths climbing, <ildirg, landing, snd wove--ofT conditions
of flight with the gun ports c.en and closed, In nost cases tihe conirols
were held in their trim poeitions after the stall, though in some stalle
control of the stalled clrpizne wars atleuptod.

The records of reprsscntetive stalls are preaented rs time histories
taken from the instrument rsccrds (fige. 31-34). In no case was the
stall very violent. Qecoverv from & stalied condition could aiways ve
accomplished by normal uge of the controls. The stelling cliaracteristice
in the various conditions were determined to bas as follows:

1, Gliding condition.— In the giiding condltion with gun ports
open, a center section flow breakdown first occurred which caused tho
airplare to pitch down, This motlon would ordinarily esrve as e gtall
wvarning. VWhen the stick was held back, howsver, a left roll occurred.
This roll stopped of 1ta own accord when sbout 20° bank hed boeen reached.
Figure 31 ghows that about tlhe seme mutjun occuryed vwhen the rmdder was
used to check the roll,

Ordinerily ettempts at control resu’ted in & rolling osciilation
of increasing amplitude. With the gun portg closed a slower left roll
occurred, . S

2. Climbing condition.-~ In the climbing condition with o poris
open, there was very little tendency of the sirplane to roll., Tho
increased rearward motlon ol the stick near the stsl), vwiich wae shown
in the static stebility measvrerents, served as a slight stall warning.
As the gtall was anprocched, a slownneon v lleble et bank and 3ideasliyp
developed. With amm norts closed a terdensy to pitch down was followed
by a rolling oscillation of slavly lucrenging amplitude ne shovm in fig—
we 32, The large amount of left sildeclip which ocenrred in siraight
power~cn flizht near uminimun speed is showa in this figwe, Tuls eideslip
is not epparent to the pilot because It ccecurs while the wings are
laterally level, The left gide force and yuwing moment on the propeller,
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caused by the high ensle of ettack of the preveller arxis, are belleved
to e responsible for the development of the sideslin,

3. Landing ccndition.~ In the landing condition with gun norts
open, a pitching down tendency served as wa:rlag of the stall, This
vas accompanied by lightoning the stick force which gove the plict
the imprezsion of longltudinel instability. A Teirly rapid roil-off
either to the right or left followed the initi=sl pitshing. TFigure 33
shows a time history of such a stall, With the gun ports closed, the
airplane showed no tendsncy to roll olf unlegs the controls ware uszed,
A pitching oscillotion developed ai'ter the s*tall in this case.

A blast of air through the cockpit on the »ilnl's face was noted
at the stall in the landing condition, A similer cceurrence hae besn
noted to preceds a ground loop on otuer cirnicice.

Since ground-looping characteristics sre cinsely related to the
gtalling tendencies of an airplans, it would be well to mention at this
point that no ground-looping tendencies were disp'.y3d by the Hurricane,
in splte of the efore-mentioned air flow thrcush “he cockrit, Oae
reason for this gprears te be that the ground snele was scuewhat leas
than the stalling attitude, ae wes proved by tie ‘et that +all-first
landings could resdily bse made.

L. Wave—of cordition.-- In the wave—of® c¢ondition, there wes no
tendency to roll off with tiw sun ports eitler opin or closed. A slow
uncontrollable left bank wnd sideslip developsed when the shtick was
held back. Figurs 34 shows a time historwy o' = =iell in tals condition.

5. Maximum 11ft coefiicients.— The stal!lin; s eeds and 1ift
coefficionts at the miniimm spends odtoined are listed in the {ollowing
table., In fiight conditicne where no marked roil--off occurred, the
minimum spesd wes di7ficult to define snd viried by as much az S miles
per hour in different stall attemnts. Tae velues tabulated are the
average stalling speeds for each condition, In some conditions only
one or two stalls were made, Therefore thess vilues may not be
represcntative of the average stalling speeds in these conditions.




Condition Gun ports ovpen Gun ports closed
—— ' ——— -

Stelle| Indicatedi Maximun| 35allel Tndlcated|Maximan

aver— |[stalling 111ft aver~ | gtalling (110t

ared |specd,mph|coaffi~aged | speed,uph|cosffi~

clent [ cient

gliding I 89.5 1.31 2 B4.5 S 1.4
climbing 2 74,0 1.92 1 70,3 2.k
landing 8 72.5 2.00 | 2 70.3 2.1k
wavo—-off 1 65.2 2.40 2 6,2 2.5k

The values appeer to show a consistent Increase in maximum 1ift
coefficlents of about 0.1 or 0.2 with the sun poris closed over those
obtained with the gun ports oven. This incresge is similar to that
obtained on other zirplanes with wirg qun installations.

Ag shown In the suectic agtau!lity messurements . an incrosssd roar—
ward movement of the stick wrs required nesr the sta’i. This motion
indicates that flow seraration occurred first ot the centes sectlon.
Buffeting caused by the stalled flow werned the pilon of tne impending
stall while he ot1ll had available roarward stick motion before a roll
could cccur, This type of stall waraing was prriicularly valusble in
preventing rolling instabllity In eccelerated flight,

CONCLUSIONS

The flying gualitles of the Hawker Hurricsone may be bricfly
cumarized in terms off the requiremente of reference 1 =2s follows:

1. The short-mericd longitudinsl oscilletlon was satigfactorily
heavily damped fn all conditions tested, ‘

2. Statle longitudinal stability was gatisiactory axcept for:

a. Friction In elevator—control system which masked forco
gredients, '

b. Inatability with climbing power. f ' ~ps up, sear up at
indicated alrgpeeds betwesin 100 ard 150 mi'us per hour.

¢. Unatoble stick force gradient 1n tlie lending condition
at low greed,.
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3. The stick force gradient in maneuvors wes 8.1 pounds per g.
Thie exceods somewiet the recommended upmer limit for pursuit sirplanes
of 6 pounds per g.

4. The stick-mosition chenge witn anglo of aibteack in mernenvers
vas approximotoly 2.5 inches. Thia value 13 about %0 percent of the
beinch stick--position changs recommended in revvrence 1.

5. The slevator ccntrol was adequate {or lending end teks-—-off.

6. The loneitudinal trim chanpes due to ciirnics *n enpine power
p) . y
flap positlion, or landing-gear posgition were deglrobly small.

7. The elevator teb wag incepeble of trimmin~ the airniesne below
140 miles por hour with flops and lsandin~ gusr dom,

8. The damping of the .sierel oscllietion was not measured. No
ebnormel or undzsirable charactoristice werc notzd, however, in this
rogpect .

9. The alleron control was adequate et low 3ueeds bhut scmevhat
weak at high speeds. The helix angls pb/?¥ ot 0.8 maxinum level
flight speed was consldersdbly below the velue of 0,07 radian svggested
in reference 1, unlesa stick forcza far grsator than 20 pounds were
epplied.

10, Alleron yaw wng satisfuctvorily e.ma=ll,

11. DPihedrsl effoct wag prectically zero for power-off flight or
in high-sreed power—on flight, At low smesds with power on, dlhedral
offect was dofinitely megeative, particuinrly mr ~ideslips made to the
loft., The requiremenvi of reference ! were no% met 1n this respoct.

12, The rudder wng adequetse for de~ling with elleron yow end for
directional control in landing or takc-o>f'F,

13, Dircctional stabllity wag satisfactory in all conditions tested
except for friction In the rudder—control s sterni,

1%, The pitching moment dus to sideslic w.g excessive for large
rudder deflections. The requiremsnt of ve erincs 1 which 1s bzsed
on the elevator correction needed for £3° rudlnr wes vory nearly
fulfilled, ‘



15. The stallling characterist?ca in normal flight or in mansuvers
were conaidored excellont. In three-noint or siightly tall-first
landinge, rolling or yowing nomente due io stall!lng were not evident.

Lengley Memorial Aeroneucical Leboratory,
Naticnal Adviscry Committee for Peromuntics,
Langle; Fleld, Va., April 20, iGun2,
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